Stem cells transplantation, as a therapeutic intervention for spinal cord injury (SCI), has been extensively studied by researchers in recent years. Our study aimed to study the effect of transplantation of adipose-derived stem cells into spinal cord by intrathecal injection on the recovery of urinary bladder function assessed by a urodynamics study in patients having SCIs.
Introduction
The main cause of spinal cord injury (SCI) is direct mechanical damage, which results in complete or incomplete loss of neural functions either motor or sensory; the most frequent causes of SCI are motor vehicle accidents, falls, and acts of violence [1] .
The pathophysiological processes of SCI have two phases: the primary phase is the mechanical effect of trauma to the spinal cord, causes spinal cord tissue to be disrupted by the force of the primary injury [2] .
The secondary is the posttraumatic inflammatory response, and it plays an important role through a complex series of modulation of cellular and molecular interactions, which include neuronal cell death, loss of oligodendrocytes, inflammation, and reactive astrogliosis [3] . SCI, one of the most common causes of neurogenic detrusor dysfunction in young adults, may be associated with neurogenic detrusor overactivity. The patients with neurogenic detrusor dysfunction should be treated to preserve renal function, promote urinary continence, avoid urinary tract infection, and preserve quality of life [4] .
Urinary continence is the absence of urinary leakage in the intervals between intermittent catheterization [5] .
Stem cell transplantation to spinal cord, as a therapeutic intervention for management of SCI, has been studied in recent years. There are many kinds of stem cells, including adult stem cells, embryonic stem cells and induced pluripotent stem cells, used in cases of SCI [6] .
Stem cells are characterized by their ability to differentiate into various cell types and self-renewing ability. Stem cells secrete substances like growth factor, cytokine, and trophic factor, which help neuroprotection [7] .
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There are many types of stem cells: embryonic stem cells are pluripotent stem cells owing to its ability to be differentiate to three germs layer, and adult stem cells are multipotent stem cells that have limited ability to differentiation [8] .
Stem cell therapy plays a role in the treatment of SCI by replacement of neuronal cells, preservation of glial cells, remyelination of axons, increased trophic molecules, angiogenesis, bridging of cavities, reduction of inflammation, and stimulation of endogenous precursor cells for neuronal plasticity [9] .
Patients and methods
This study was carried out in Abdul Latif Jameel Hospital in KSA from May 2010 until December 2016.
A total of 69 patients with SCI and Neurogenic Detrusor Overactivity were included in this study. The study included 47 male and 22 female patients, with their age ranging from 18 to 31 years old, who had cervical SCI from C5 to C7 of more than 6 months and less than 1 year of incomplete tetraplegia and who had been regularly undergoing clean intermittent catheterization. As patients had incomplete tetraplegia, intermittent catheterization was done by a nurse every 4, 6 or 8 h according to the residual volume of patients. Exclusion criteria were patients with chronic diseases, patients using any antimuscarinic medication, patients receiving Botox injection at detrusor muscle, and patients having received previous stem cell therapy.
All 69 patients were clinically evaluated for neurologic complications according to the American Spinal Injury Association recommendation [10] . Laboratory evaluation included measurement of serum urea and creatinine, urinalysis, urine culture with antimicrobial susceptibility testing, and abdominal ultrasound. Any patients having associated brain injury, congenital anomalies, or incontinent of urine were excluded.
The urodynamic study was done by a urologist according to the recommendations of the International Continence Society [11] . Urodynamic parameters were detecting according to the International Continence Society standardization [12] .
The urodynamic study detects bladder sensation, bladder capacity, detrusor pressure, presence of detrusor overactivity and volume of urine at which autonomic dysreflexia occurs by monitoring blood pressure and demonstrate clinical picture of patients like sweating, headache, bradycardia, anxiety and blurring of vision during test.
The urodynamics study was done before the start of treatment and then 6 and 12 months after treatment.
Written consents were taken from all patients before examination and before any procedure for their inclusion in this study.
Division of patients into two groups
Group 1 had 37 patients who were treated with stem cells transplantation at a private clinic, where stem cells were prepared from fat cells of patients themselves and were injected into the spinal canal.
Patients were discharged one day before transplantation and readmitted 2 nd day after transplantation, and after undergoing stem cells transplantations, patients just went out of pass and came second day after transplantation.
In this study, we used adipose-derived stem cells isolated from abdominal subcutaneous adipose tissue by clinical pathologist [13] .
Subcutaneous adipose tissue was taken from patients by an orthopedic surgeon, and stem cells were injected by the orthopedic surgeon in the spinal canal of patients.
All 37 patients are reevaluated by previous assessment and investigation after treatment by stem cells transplantation. Group 2 included 32 patients who received only rehabilitation program, and intermittent catheterization by nylon catheter was done a by nurse every 4, 6 or 8 h according to the volume of urine of patients. The rehabilitation program extended for 1 year. Thirteen of patients stay in hospital remaining patients stay in hospital 6 months then discharge to home with regular follow-up.
Results
Group 1 had 37 patients, with 12 (32.43%) female and 25 (68.57%) male. All have cervical 5-6 incomplete tetraplegia ASIA C.
Their ages varied between 19 and 24 years, with a mean of 21.57±1.72 years.
Urodynamic study was done for all patients before stem cells transplantation, and then 6 months and 1 year after stem cells transplantation.
In our study, only eight patients showed improvement in group 1, so we present the results of these eight patients separately and then we present the results of all groups together.
There was improvement in suprapubic sensation in the first 6 months after transplantation in four (10.81%) patients and after 1 year in six (16.22%) patients.
There were two (5.40%) patients who passed urine by the end of 1 year after transplantation.
The capacity of bladder was improved in seven (18.92%) patients.
There was significant improvement in bladder capacity in seven (18.92%) patients after 6 months from 87.86 ±26.44 to 131.57±52.44 ml, which became highly significant after 1 year to be 193.26±79.38 ml.
Regarding detrusor over activity, it completely subsided in three (8.11%) patients after 1 year from stem cells transplantation.
The detrusor pressure was reduced in five (13.51%) patients from 82.57±12.83 to 68.43±13.11 cm/H 2 O after 6 months from stem cells transplantation, which is nonsignificant, but after 1 year, it significantly reduced to 46.86±78.44 cm/H 2 O.
Occurrence of autonomic dysreflexia (AD) was improved in eight (21.62%) patients regarding amount of urine, at which the occurrence and manifestation of AD became less severe.
The improvement in eight (21.62%) patients in occurrence of manifestation of AD; it was occurred when volume of urine were 77.00± 23.37 ml before stem cell transplantation which occurred at 116.14±45.24 ml 6 month after transplantation which is significant improvement and after 1 year AD start to appear at 183.45±78.44 which is highly significant improvement.
AD manifestations completely disappeared in three (8.11%) patients and improved in five (13.51%) patients. Before transplantation, they presented as hypertension, sweating and headache; after 6 months of transplantation, became headache and sweating; and 1 year after transplantation became only sweating.
The results of eight patients who showed improvement are shown in Table 1 and Fig. 1 .
Among all patients in group 1, there was a nonsignificant improvement in all measurements of urodynamics, as shown in Table 2 . 
Figure 1
Shows improvement in urodynamic before and after stem cells transplantations in eight patients.AD, autonomic dysreflexia; DOA, detrusor overactivity.
Group 2 had 32 patients, with 10 (31.25%) females and 22 (68.75%) males, and all had cervical 5-6 incomplete tetraplegia ASIA C.
There ages varied between 19 and 24 years, with mean of 21.37±2.03 years.
Urodynamic study was done for all patients before the start of rehabilitation, and then 6 months and 1 year after the start of rehabilitation.
Among all patients in group 2, there was a nonsignificant improvement in all measurements of urodynamics, as shown in Table 3 .
Discussion
To our knowledge, this is the first study to utilize urodynamic to assess patients having SCI who underwent adipose-derived stem cells transplantation to spinal cord; the previous studies either transplant umbilical cord derivative stem cells or bone marrow derivative stem cells.
An experimental study by Kolar et al. [14] in rats having SCI stated that transplantation of adiposederived stem cells to spinal cord can modify the structure of the glial scar and stimulate axonal sprouting.
In our study, we found that only eight (21.62%) patients attained benefits from stem cells transplantation, but to varying degrees; the improvement was significant in those patients only, but there was a nonsignificant improvement among group 1. Therefore, we present the results of these eight patients separately.
In our study we found that (5.40%) 2 patients already void urine normally 1 year after transplantation which before transplantation was had autonomic bladder which consider as excellent response.
Although three (8.10%) patients showed improvement in the disappearance of detrusor overactivity, improvement in bladder capacity occurred in seven (18.92%) patients.
The detrusor pressure was significantly reduced in five (13.51%) patients.
Occurrence of autonomic dysreflexia (AD) was significantly improved in 8 (21.62%) patients regarding amount of urine at which it occur and manifestation of AD became less.
AD manifestations completely disappeared in three (8.11%) patients and improved in five (13.51%) patients; before transplantation, they presented as hypertension, sweating and headache; 6 month after transplantation became headache and sweating; and 1 year after transplantation became only sweating.
In the remaining 30 (81.08%) patients, there is improvement in manifestation of AD, which is significant in the patients.
On comparison between the two groups, there was no significant difference in improvement in urodynamics, but some patients got benefits, which is considered a good hope for patients; so we recommend further studies that include a high number of patients.
Our study agreed with Kim et al. [15] who found that the use of stem cell therapy in SCI produces partial bladder recovery, including improvement of voiding pressure, nonvoiding contraction, and amount of residual urine, and they stated that the use of neuroregeneration in stem cell therapy to correct bladder dysfunction is a logical and promising strategy. However, their study used bone marrow- derived stem cell transplantation, which is different from our study.
Cheng et al. [16] studied the effect of spinal stem cell transplantation injected intrathecally on the outcome of patients having SCI and found that seven of the 10 patients had significant improvement in movement, self-care ability, and muscular tension; urodynamic examination demonstrated that patients exhibited an increase in maximum urinary flow rate and maximum bladder capacity, as well as a decrease in residue urine volume and maximum detrusor pressure. This agrees with our study in that there were improvements in bladder capacity and decrease in residue urine volume and maximum detrusor pressure, but in their study, they used umbilical stem cell, whereas in our study, we used adipose-derived stromal stem cells.
Shroff and Barthakur [17] found that there were improvement in bowel and bladder control and sensation in patients with SCI after human embryonic stem cell therapy; this study was carried out on 226 patients with SCI where human embryonic stem cell were administered intramuscularly twice daily, every 10 days through intravenous route and every 5-7 days by any of the supplemental routes. It found that bowel sensation became normal in seven (3.5%) patients, bladder sensation became normal in seven (3.4%) patients, mild improvement in sensation of bowel fullness in 135 (67.5%) patients, and mild improvement in sensation of bladder filling in 155 (76%) patients. Moreover, bowel control became normal in four (2%) patients, bladder control became normal in four (1.9%) patients, 95 (46.8%) patients had bowel control, and 113 (54%) patients had bladder control. This study was in agreement with our study from the point that there were improvements of bladder sensation and control in some patients, as in our study we found improvement of bladder sensation in patients and control in two patients. However, it was different from our study, as they use human embryonic stem cell but we use stromal stem cell and they inject intramuscular and intravenous, but in our, study injection was intrathecal.Larocca et al. [18] stated that intralesional transplantation of autologous mesenchymal stem cells in patients with chronic, complete SCI is safe and feasible and may promote bladder function improvements. Their study was carried out on 14 patients having SCI, where bone marrow stem cells were injected in the intralesion of the spinal cord and found that nine patients had improvements in bladder function; five had an increase in maximum bladder capacity, where one of these patients presented appearance of bladder sensation which was previously absent; and four patients has decrease detrusor overactivity. This study agreed with ours about improvement of bladder function in some patient with stem cells, but in their study, they used bone marrow-derived stem cells, whereas in our study, we use adipose-derived stromal stem cells.
Conclusion
Stem cells transplantation is a promising treatment for patients who have SCI. We found that some patients had significant improvement in their urinary bladder function, which is a good hope for patients having SCI.
Recommendation
The effect of stem cells transplantation on recovery of urinary bladder in patients having SCIs needs more researches to detect the best way to reach significant improvement in all functions of urinary bladder.
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